Hi studies of the Sculptor group galaxies. 
VIII. The background galaxies: NGC 24 and NGC 45 
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ABSTRACT 

In order to complete our Hi survey of galaxies in the Sculptor group area, VLA observations 
of NGC 24 and NGC 45 are presented. These two galaxies of similar magnitude Mb ~ —17 A 
lie in the background of the Sculptor group and are low surface brightness galaxies, especially 
NGC 45. The Hi distribution and kinematics are regular for NGC 24 while NGC 45 exhibits 
a kinematical twist of its major axis. A tilted-ring model shows that the position angle of the 
major axis changes by ~ 25°. A best-fit model of their mass distribution gives mass-to-light 
ratios for the stellar disk of 2.5 and 5.2 for NGC 24 and NGC 45 respectively. These values are 
higher than the ones expected from stellar population synthesis models. Despite the large dark 
matter contribution, the galaxy mass is still dominated by the stellar component in their very 
inner regions. These high mass-to-light ratios are typical of what is seen in low surface brightness 
galaxies and may indicate that, in those galaxies, disks are far from the maximum disk case. The 
halo parameters derived from the best-fit models are thus lower limits. 



Subject headings: galaxies: halos — galaxies: fundamental parameter (mass) 
(NGC 24, NGC 45) — galaxies: kinematics and dynamics galaxies: structure 



galaxies: individual 



1. Introduction 

At the beginning of the 90's, a series of papers 
was started on the Hi properties of the Sculptor 
group galaxies (Puche & Carignan 1988; Carig- 
nan & Puche 1990a, b; Puche, Carignan & Bosma 
1990; Puche & Carignan 1991; Puche, Carignan & 
van Gorkom 1991; Puche, Carignan & Wainscoat 
1991). Since the Sculptor galaxies are all late-type 
spirals with very little or no bulge, they are ideal 
candidates for determining the basic dark halo pa- 
rameters (Carignan & Freeman 1985). Their sim- 
ple disk + halo stucture makes it easier to iden- 
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tify the contribution of each component to the ro- 
tation curve. Also, since the Hi distribution of 
late-type spirals is usually extended (Huchtmeier, 
Seiradakis & Materne 1980), it is possible to mea- 
sure their rotation curve out to many disk scale 
lengths, an essential condition to tie down the halo 
parameters (Lake & Feinswog 1989). 

As described in Puche & Carignan (1988), the 
Sculptor Group, the nearest group of galaxies from 
the Local Group, covers an area of ~ 20° on the 
sky. In this area, besides the five main mem- 
bers studied so far (NGC 55, 247, 253, 300 and 
7793), two more galaxies, NGC 24 and NGC 45 
(Figure 1), fall in the same region and have simi- 
lar sizes and degree of resolution as well as ^ 20 
known dwarf galaxies (Cote, Freeman & Carignan 
1997; Cote, Carignan & Freeman 2000). How- 
ever, when looking at the estimated distances, a 
mean distance of 2.4 ± 0.6 Mpc is found for the 
main members (de Vaucouleurs 1978) but 6.8 Mpc 
(7cr) and 5.9 Mpc (6cr) for NGC 24 and NGC 45, 
respectively (based on a Hubble constant of 75 
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Fig. 1.— DSS blue images of NGC 24 (left) and NGC 45 (right). 



kms"^Mpc~\ TuUy 1988). Moreover, when do- 
ing dynamical mass estimates of the group, any 
combination of the main members gives consis- 
tently ~ 3 X 10^2 foj. 

group, while including 
NGC 24 and NGC 45 makes the estimate jump to 
~ 3 X 10^^ Mq, clearly too large for a loose group 
like Sculptor. All this suggests strongly that NGC 
24 and NGC 45 are not members of the group but 
background objects. 

Even if they were not members of the Sculptor 
group, it was decided to study them because they 
belong to a very interesting subgroup of galax- 
ies called the low surface brightness (LSB) spi- 
ral galaxies, especially NGC 45. The kinematical 
study of LSB galaxies currently feeds the "cusp- 
core controversy", (e.g. Swaters et al. 2003; 
Hayashi et al. 2004; de Blok 2005, and references 
therein). One of the many important questions 
which is brought to the forefront from the nu- 
merous studies of this type of object and which 
motivates part of the present work, is whether 
or not LSBs (and more generally low mass late- 
type spirals) can possibly form a distinct class in 
the Hubble sequence. The hypothesis emanating 
from studies on LSBs is: morphologically they be- 
long to the spiral class, but dynamically they look 
more like the dwarf irregular class since they are 
dominated at all radii by their dark halo (Jobin 
& Carignan 1990; Cote, Carignan & Sancisi 1991; 
Martimbeau, Carignan & Roy 1994). 



Moreover, a study of optical rotation curves of 
spiral galaxies (Buchhorn 1992) showed convinc- 
ingly that the optical rotation curves in the in- 
ner parts of these galaxies give (^A4 / Lb) ^ ratios 
which are very high. The most likely explanation 
for this effect is that the dark matter component 
contributes a large fraction of the gravitational 
field even in the inner regions of LSBs galaxies 
(de Blok fc Bosma 2002). Verheijen (1999) and 
Verheijen & TuUy (1999) have shown convincingly 
the clear dichotomy between the rotation curves of 
HSB (high surface brightness) galaxies, which are 
most of the time close to the maximum disk situ- 
ation, and those of LSB galaxies which are domi- 
nated at all radii by the dark matter component. 
Thus, in terms of their mass distribution, LSBs 
appear to be more closely related to dwarf irregu- 
lar galaxies (e.g. DDO 154: Carignan & Freeman 
1988; Carignan & Beaulieu 1989) where the lu- 
minous component is known to make a negligible 
contribution to the gravitational field everywhere 
in the disk, than to massive spirals (e.g. NGC 
6946: Carignan et al 1990) where the luminous 
disk is the main contributor in the inner regions 
and the dark component only contributes signifi- 
cantly in the outer parts. 

In order to get a better understanding of the 
mass distribution in NGC 24 and NGC 45, both 
optical and 21 cm radio observations were ob- 
tained and are presented in Section 2. In Section 3, 
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Fig. 2. — 7— band luminosity profiles of NGC 24 (left) and S— band luminosity profile (Romanishin et al. 
1983) of NGC 45 (right). 



the luminosity profiles and the optical properties 
are discussed. After studying the Hi content and 
its distribution in Section 4, Section 5 concentrates 
on the velocity field of these systems and presents 
their rotation curves. In Section 6 the data are 
analyzed in terms of a two component model: a 
luminous (stcUar+gascous) disk and a dark halo 
represented by an isothermal sphere potential. Fi- 
nally, the discussion in Sec. 7 is followed by a sum- 
mary of the results in Sec. 8. 

2. Observations 
2.1. Optical data 

The surface photometry of NGC 24 was ob- 
tained from a set of observations in the /—band 
using a 1024x1024 Thompson CCD, with the f/1 
focal reducer at the prime focus of the A AT 3.9 
m. The 19 /um pixels resulted in a resolution of 
0.98"/pixel for a total field of 16.7' x 16.7'. The 
adopted mean extinction was 0.085 per airmass 
in the /-band. The data were obtained in 1990 
September, with integration times of 20 s and 5 s. 
After the images were bias subtracted and flat- 
fielded using dark sky flats, the for(\s,round over- 
exposed stars were removed. Pixels within a cir- 
cular region were deleted and replaced by a two 
dimensional surface func;tion evaluated from the 
pixels lying in a surrounding background annulus. 
Afterwards, the sky previously evaluated by aver- 
aging the signal of many regions depleted of stars 
was subtracted from the galaxy image. 



2.2. Radio data 

In order to get the kinematical information 
needed, high sensitivity low resolution Hi line ob- 
servations were obtained with the Very Large Ar- 
ray (VLA"*). They consist of 6h observations for 
each galaxy (5h on source, 1 h on calibrators), 
made in 1992 June. In order to get a better 
uv plane coverage, the hybrid DnC configuration, 
with larger antenna spacings in the North Arm 
was selected, since NGC 24 {6 ~ -25°) and NGC 
45 (S ~ —23°) are at low declinations. The candi- 
dates have been observed with a total bandwidth 
of 1.56 MHz divided in 128 channels and using on- 
line Hanning smoothing. This gives a channel sep- 
aration of 12.2 kHz, corresponding to 2.5 kms~^. 
The parameters of the synthesis observations can 
be found in Tables 1 and 2. No attempt to correct 
for the beam-smearing effect is done in this article. 

First, the uv datasets were carefully examined 
to detect and reject bad points due to interfer- 
ence or crosstalk between antennae. Antennae 
which were shadowed by another antenna during 
the observations were flagged bad for the shad- 
owing period. The data were then calibrated us- 
ing the standard VLA calibration procedure. The 
flux scale was obtained using the continuum source 
0134-1-329. A bandpass calibration was also ap- 
plied. The reduction was done using the NRAO 
software package AIPS at the VLA and at the Uni- 
versite de Montreal. 

First, by creating and inspecting a preliminary 

*The NRAO is a facility of the National Science Founda- 
tion operated under cooperative agreement by Associated 
Universities, Inc 
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Fig. 3. — Hi global profile for NGC 24 (left) and NGC 45 (right) obtained by integrating the Hi emission in 
each channel map. The arrows indicate the systemic velocity as computed from the profiles. 



series of channel maps, the channels containing 
only continuum radiation were identified. Next, 
those channels, free of emission line, were aver- 
aged in the uv plane, to represent the contin- 
uum radiation, and subtracted from all the chan- 
nels. Finally, the channel maps were produced 
and cleaned simultaneously via a Fourier trans- 
form with natural weighting and no taper. The 
pixel size was 10" for both systems and the orig- 
inal beam were convolved by circular beams of 
40" X 40" for NGC 24 and 42" x 42" for NGC 
45. This was done to make sure that all the struc- 
tures that are observed are not due to the orig- 
inal slightly elongated beam shape. The result- 
ing maps had a rms noise of 2.4 mJy/beam and 
1.6 mJy/beam for NGC 24 and NGC 45 respec- 
tively. 

3. Optical properties 
3.1. NGC 24 

A study of the /—band isophotes shows that the 
intrinsic axis ratio varies from 0.5 near the center 
to 0.26 at the last measured isophote. The mean 
photometric parameters computed within the ra- 
dius range 1.5' - 3.0' are i = 78 ± 5° (b/a = 0.26) 
and PA = 225 ±5°. 

The clliptically averaged himinosity profile in 
the /—band, illustrated in Figure 2 and listed in 
Table 3, was obtained using the ellipse task in 
IRAF^. In the very inner parts {R < 50") the 



profile shows a decrease, probably due to inter- 
nal absorption, while in the outer parts, it re- 
veals a typical exponential decline. An expo- 
nential fit to the /—luminosity profile (80" < 
R < 180") yields an extrapolated central sur- 
face brightness of 19.12 magarcscc"^ which, when 
corrected for /—Galactic extinction and inclina- 
tion, gives /(0)c = 20.67 mag arcsec"^. A galac- 
tic extinction Aj = AbI'2.-^ = 0.024 (Draine 
1989) was used, where As = 0.06 according to 
de Vaucouleurs et al (1991) (hereafter referred to 
as RC3). The derived exponential scale length is 
~ 43", which corresponds to ~ 1.42 kpc at 
6.8 Mpc. 

When transformed to the /J— band [jig = fJ^i + 
1.452 for the Sc morphological type, from Carig- 
nan 1983*^), this finally gives 5^(0) = 22.12 ± 
0.3 magarcsec"^, which is faint relative to the 
Freeman canonical value of 21.65 ± 0.30 for nor- 
mal spiral galaxies (Freeman 1970). The central 
surface brightness of NGC 24 lies in the range of 
22.07 < Bc(0) < 23.70 mag, as defined by Ro- 
manishin, Strom & Strom (1983) for their LSB 
sample, but is at the limit (within the errors) be- 
tween low surface brightness objects and normal 
galaxies. One notices here that contrary to NGC 
45, which is a genuine LSB (Romanishin et al. 
1983, see §3.2) with anemic spiral arms and no 



^IRAF is distributed by NO AO, which is operated by AU, 



Inc. under cooperative agreement with the NSF. 
^This was derived using mean Spectral Energy Distributions 
(Coleman et al. 1980) for the different morphological types, 
convolved with the UBVRI filter responses (Bessell 1979). 



4 



O 

g -24°56' 



.2 -34^58' 




e*" 10=^0' liJ™lX)' logos' OiS'^SO' 0S'"4>0' 




0"10"20'' 10"10'' 10°'00'' 09™50= 09™40* 
Right Ascension (J3000) 



Fig. 4. — NGC 24 : Contours of the DSS optical image (left). Greyscale total Hi map displayed using a 
logarithmic stretch (right). 
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Fig. 5. - NGC 45 : Contours of the DSS optical image (left). Greyscale total Hi map displayed using a 
logarithmic stretch (right). 
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evident bulge (Fig. 1), the morphological proper- 
ties of NGC 24 (presence of distinct spiral arms 
and a small bulge) are comparable with those of 
high surface brightness late-type spirals. 

Integrating the i?— luminosity profile gives a 
total apparent magnitude Bt = 12.13, which is 
in good agreement with the value of 12.10 given 
by Sandage & Tammann (1987) and the value of 
12.19 in RC3. When corrected for internal absorp- 
tion {A,/2.5 = 0.38 (Draine 1989) where A, = 0.95 
from RC3), it gives B^^ = 11.75. At the distance 
of 6.8 Mpc, the corrected absolute magnitude is 
M^\B) = -n.Al. The corrected absolute mag- 
nitude corresponds to a total blue luminosity of 
1.4 X 10^ Lbq- Table 5 summarizes the optical 
parameters of NGC 24. 

3.2. NGC 45 

The photometric inclination is 55 ± 5° and the 
position angle of the major axis is 145 ± 5° (Puche 

& Carignan 1988). 

A i?— band surface brightness profile is used for 
NGC 45, as derived in Romanishin et al. (1983). 
We refer the reader to this article for the obser- 
vational information on these data. The B— band 
profile is shown in Figure 2 and listed in Table 4. 
Romanishin et al. (1983) give an extrapolated 
central surface brightness i3c(0) = 22.51 ± 0.46 
magarcsec"^ and a scale length of ~ 77". This 
value translates into 2.20 kpc at our adopted dis- 
tance of 5.9 Mpc. Integration of the B-band profile 
gives a total apparent magnitude of Br = 11.48, 
which is comparable with the value of 11.10 given 
by Sandage & Tammann (1987) or the RC3 value 
of 11.32. This corresponds to an absolute magni- 
tude My '(B) = —17.45 and a total blue luminos- 
ity of 1.5 X 10^ Lbq, at the distance of 5.9 Mpc. 
The optical parameters are summarized in Table 6. 

4. Hi content and distribution 
4.1. NGC 24 

4.. 1.1. Global Properties 

Once the correction for the primary beam at- 
tenuation had been applied, the flux in each in- 
dividual channel was summed to give the global 
Hi profile of Figure 3 (left panel). An intensity- 
weighted systemic velocity of 547 ± 3 kms~^ and 
a midpoint heliocentric radial velocity of V© = 



549 ± 3 kms -'^ were derived. The measured pro- 
file widths at 20% and 50% levels are W20 = 
218 kms-^and W50 = 208 kms'^. This can 
be compared with the HIPASS (Koribalski et al. 
2004) values of Vq = 554 kms"! , W20 = 223 
kms-i and W50 = 210 kms"^ . 

The integrated flux of 54 ±5 Jy kms""'^ is com- 
parable with the HIPASS measurement of 50.3 Jy 
kms~^ (Koribalski et al. 2004). It implies a total 
Hi mass of (5.87±0.5) x 10^ Mq , somewhat higher 
than the value of (4.98 ± 0.4) x 10^ Mq given by 
Huchtmeier & Seiradakis (1985) for a distance of 
6.8 Mpc. It appears that no flux was missed by 
our synthesis observations. 

4- 1-2. Spatial Distribution 

A moment analysis (with the momnt task in 
AIPS) produced the total Hi emission map of 
Figs. 4 (right panel, in greyscale) and 6 (left panel, 
expressed as column densities contours and super- 
imposed on a DSS image of the galaxy). The dis- 
tribution, which is really symetrically distributed, 
stretches out to ~ 10' in diameter (^ 1.3 Rho at 
a level of ~ lO^'' atoms cm~^). Concentric ellipti- 
cal averaging corrected by a factor cost gave the 
Hi radial profile illustrated in Figure 8 (left panel). 

The Hi surface density peaks at the center of 
the galaxy and then decreases as a function of ra- 
dius. As compared with other morphological types 
of galaxies (see Fig. 10 in Swaters et al. 2002), 
this profile is more typical of Sd spirals (in shape 
and amplitude) than LSBs. Both the morphologi- 
cal, optical and Hi properties of NGC 24 point out 
that this spiral can be considered at the transition 
between normal and LSB galaxies. This distribu- 
tion will be used in Sec. 6 to derive the dynamical 
contribution of the Hi disk. 

4.2. NGC 45 

4-2.1. Global Properties 

The Hi properties of NGC 45 were derived in a 
similar way as for NGC 24. Figure 3 (right panel) 
gives the global Hi profile once the correction for 
the primary beam attenuation was applied. The 
total flux density of 186 ± 19 Jy kms~^ (to be 
compared with 195.8 Jy kms~Mn HIPASS; Ko- 
ribalski et al. 2004) corresponds to an Hi mass 
of (1.52 ± 0.2) X 10^ Mq , which is to be com- 
pared with (1.98 ± 0.1) X 10*^ Mq (Huchtmeier & 
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Fig. 6. — NGC 24 : Total Hi map (left) and Hi velocity field (right) superimposed on a DSS image of 
the galaxy. The contours are at surface density levels of 0.06, 0.31, 1.25, 2.19, 3.13, 4.07, 5.01 and 5.95 x 
10^^ atoms cm~^. Velocity contours are drawn from 460 to 640 kms~^ in steps of 15 kms~^ . The beam 
size of 40" X 40" is shown in the bottom left corner of the images. 
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Fig. 7. — NGC 45 : Total Hi map (left) and Hi velocity field (right) superimposed on a DSS image of 

the galaxy. The contours are at surface density levels of 0.13, 0.62, 1.11, 1.60, 2.09, 2.58 and 3.07 x 

lO^'^ atoms cm~^. Velocity contours are drawn from 385 to 550 kms""*^ in steps of 15 kms"""^ . The beam 
size of 42" x 42" is shown in the bottom left corner of the images. 
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Fig. 8. — Radial distribution of Hi surface density for NGC 24 (left) and NGC 45 (right), obtained by 
averaging the total Hi map in circular annuli in the plane of the galaxy. 



Seiradakis 1985) for a distance of 5.9 Mpc. This 
seems to indicate that ~ 20% of the flux is miss- 
ing, probably due to missing short spacings in the 
VLA observations. Also derived from the pro- 
file is the midpoint systemic velocity of 470 ± 3 
kms""'^ and the intensity- weighted systemic veloc- 
ity of 473 ± 3 kms~^ . The measured profile 
widths are W20 = 180 km s"^ and W50 = 167 
km s""'^ . This can be compared to the HIPASS val- 
ues of Vq = 467 kms"^ , W20 = 185 kms"^ and 
W50 = 167 kms"^ (Koribalski et al. 2004). 

4-2.2. Spatial Distribution 

Figures 5 (right panel, in greyscale) and 7 
(left panel, in contours superimposed on a DSS 
photograph of the galaxy) show the distribution 
of Hi surface densities obtained by the moment 
analysis. The Hi disk is regular and extends to 
~ 20' in diameter (~ 2.1 Rho at a level of ~ 
10^" atoms cm"-^). 

The shape and amplitude of the radial distribu- 
tion of the Hi surface density (Fig. 8, right panel) 
is typical of what is seen in low surface brightness 
spirals, showing a depression in the central regions 
with a low gas surface density level (sec Fig. 10 in 
Swaters et al. 2002 for comparison). Both mor- 
phological, photometric and gaseous properties of 
NGC 45 make this spiral a genuine low surface 
brightness galaxy. This profile will be used in 
Sec. 6 to evaluate the dynamical importance of 
the NGC 45 Hi component. 



5. Velocity field and rotation curve 
5.1. NGC 24 

Figure 6 (right panel) shows the velocity field 
obtained by the moment analysis where the ra- 
dial velocities were calculated by taking the inten- 
sity weighted mean of each line profile for pixels 
above the 1.8fT level, in the 40"x40" resolution 
data cube. This velocity field is regular, with no 
sign of large-scale deviation from axial symmetry. 
Prom the shape of the isovelocity contours, one 
can already infer that this galaxy does not have 
a solid-body rotation curve (the contours are not 
parallel) but rather tends to be flat in the outer 
parts. 

In order to extract the rotation curve (RC) , the 
rotcur task (Begeman 1989) of the GIPSY pro- 
gram (van der Hulst et al. 1992) was used. The 
task makes a least-square fitting of a tilted-ring 
model to the velocity field. A solution has to be 
found for the following five kinematical parame- 
ters: the coordinates of the rotation center, the 
systemic velocity (wsys), the inclination (i) and the 
position angle {P. A.) of the major axis in order to 
obtain the circular vc^locity as a function of radius. 
To diminish the importance of deprojection errors 
at such an inclination, radial velocities in an open- 
ing angle of 80° about the minor axis were rejected 
for the least-square fitting and a cosine weighting 
function giving more importance to points near 
the major axis was used. 

The fitting procedure is described in Chemin 
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Fig. 9. — Rotation curves of NGC 24 and NGC 45 (left and central panels resp.) and radial profile of the 
inclination and the major axis position angle of NGC 45 (right panel), as derived from the tilted-ring models. 
Filled diamonds correspond to the values for both sides fitted simultaneously, open upward and downward 
triangles to the values for the receding and approaching sides (respectively) fitted separately. The inclination 
is shown as star symbols and the adopted one as a dashed line. 



et al. (2006). Briefly, the rotation center and 
systemic velocity are first searched for, then the 
inclination and the position angle. The derived 
systemic velocity is 554 ± 1 kms"-'^, which is 
comparable to the value obtained with the global 
Hi profile. The kinematical inclination is 64 ± 3°. 
This is significantly lower than the optical inclina- 
tion of 78° and the value found by an ellipse fitting 
to the Hi isophotes (76°). The low spatial resolu- 
tion of the data combined with the high inclination 
of the disk probably explains such a difference. 
The choice of either the photometric or the kine- 
matical value docs not influence the main result of 
this work (see Sections 6 and 7). Hence, the kine- 
matical inclination is chosen for NGC 24 through- 
out the; article and all derived quantities (rotation 
curve, mass-to-light ratio, ...) are given adopting 
this value, except where explicitely mentionned. 
The kinematical position angle is 229 ±1°. This 
value remains comparable with the one derived 
from the photometry (225 ±5°). 

A rotation curve is finally obtained (Figure 9 
and Table 7) by fixing all the other parameters at 
constant values because no warp is found in NGC 
24. At each radius, the quoted error-bar of the 
velocity point given in Table 7 corresponds to the 
maximum value between the formal error calcu- 
lated by rotcur [la dispersion of the fitted veloc- 
ity parameter) and the largest velocity difference 
between the solution for both sides and the sep- 
arate solutions for the approaching and receding 
halves (Carignan & Puche 1990a). 



5.2. NGC 45 

The velocity field of NGC 45, obtained from 
the analysis of the 42"x42" resolution data cube 
by discarding pixels under a 1.6f7 level, is shown 
in Figure 7 (right panel). 

The same procedure as for NGC 24 is used to 
derive the RC of NGC 45. To lessen the errors 
due to the deprojection, all points in a sector of 
60° around the minor axis were discarded from 
the fitting. A systemic velocity of 467±2kms~^ is 
found, which agrees within the errors with the 
value obtained using the global profile and with 
the one given by Adler & Liszt (1989). The in- 
clination is found to be constant as a function of 
radius (51 ± 2°), and is in relative agreement with 
the photometric value within the error (55 ±5°). 

A study of the Hi isophotes shows that the out- 
ermost contour is slightly twisted with respect to 
the inner isophotes. The outer isovelocity contours 
are also twisted as a function of radius. A kine- 
matical twist of the Hi plane is indeed detected 
with the tilted-ring model (Figure 9). The P. A. 
decreases by ~ 25° from the inner to the outer 
regions whereas i remains constant. A kinemati- 
cal warp or a simple twist of the kinematical major 
axis is very common in the Sculptor group Hi disks 
(e.g. Carignan & Puche 1990a), and more gen- 
erally in spiral galaxies (Garcia-Ruiz, Sancisi & 
Kuijken 2002). 

The final rotation curve is thus derived by fix- 
ing the center coordinates, systemic velocity and 
inclination at constant values and by leaving the 
position angle free as a function of radius. The 



9 



RC is given in Tabic 8 and displayed in Figure 9. 
Here again, no significant asymmetry is detected 
between the RCs of the approaching and receding 
sides of the disk. 

Table 8 also gives the radial variation of the 
P.A. with its errors computed as the maximum 
value between the formal error calculated by 
rotcur (Icr dispersion of the fitted angle) and the 
largest angle difference between the fitted value 
for both sides and the separate fitted values for 
the approaching and receding halves. 

6. Study of the mass distribution 

A preliminary study of the mass distribution 
is presented here using the present low resolu- 
tion Hi data. This should give a first good esti- 
mate of the dark-to-luminous mass ratio in those 
two galaxies and allow us to get a good idea 
whether the dark matter component dominates at 
all radii, as seen in dwarf irregulars (e.g. Carignan 
& Beaulieu 1989), in some late-type spirals (e.g. 
Cote et al. 1991) or in other LSB galaxies (e.g. de 
Blok & McGaugh 1997). As for the other papers 
from this series, only the best-fit mass models are 
presented for the two galaxies. These models are 
very close to the maximum disk case. Notice that 
for NGC 45 another model that uses the mass-to- 
light ratio expected from stellar populations syn- 
thesis (SPS) models is presented (see Sec. 7). 

6.1. Two Component Model 

One can refer to Carignan (1985), Carignan & 
Freeman (1985) and the other papers in this series 
for a detailed discussion of the two components 
(dark and luminous) model. Because NGC 24 has 
a very small bulge and NGC 45 has no bulge, as 
seen in Fig. 1, no attempt to include a bulge com- 
ponent in the models was made. For NGC 24, 
the /—profile derived in Sec. 3 was used to derive 
the contribution of the stellar component. It was 
transformed into the band according to Carig- 
nan (1983). For NGC 45, the B-band luminos- 
ity profile of Romanishin et al. (1983) was used. 
The contribution of the gaseous component was 
derived assuming that all the gas is confined in an 
infinitely thin disk and using the Hi radial surface 
densities (Fig. 8), which were multiplied by 4/3 to 
take into account primordial helium. 

The dark halo is modeled by an isothermal 



sphere which is described by two basic parame- 
ters: the core radius Tc and the one-dimensionnal 
velocity dispersion a. A third quantity, the cen- 
tral density of the halo, is related to the two others 
by po = da"^ /AnGr"^. Essentially, the mass model 
depends on three parameters: the amplitude scal- 
ing of the luminous disk (A^/Lb)^ (the mass-to- 
light ratio of the stellar disk), the radial scaling 
Vc and the velocity scaling a of the halo. To de- 
termine the combination of the three parameters 
which best reproduces the observed rotation curve, 
a best-fitting method was used, without any con- 
straints on the parameter values. By exploring a 
grid of values in the three parameter space, a set 
Lb) ^ , Tc, <t)] is found leading to the smallest 

for the fit. Once an approximate minimum has 
been identified, the solution is refined by improv- 
ing the step resolution for the three parameters. 
This routine is reiterated until a final set of pa- 
rameters is obtained. The mass-to-light ratio of 
the stellar disk is supposed to be constant as a 
function of radius and the errors on the derived 
model parameters are established from the 90% 
confidence level for both galaxies. 

Notice that no attempt to explore different 
functional forms for the halo was made with these 
Hi data. A comparison between a cuspy halo, 
like e.g. the NFW one (Navarro, Frenk & White 
1997), and a core- dominated halo, like the one 
presented here, indeed requires high spatial res- 
olution data for accurately mapping the inner ris- 
ing part of a rotation curve (Swaters, Madore & 
Trewhella 2000). Such mass models will be pre- 
sented elsewhere when three-dimensional optical 
Fabry-Perot data will become available (Chemin 
et al., in prep.). 

6.2. Mass modeling results 

The results from the best-fit mass model for 
NGC 24 are illustrated in Figure 10 (left panel) 
and given in Table 9. The model gives a (A^ /-^b) ^ 
of 2.5 ± 0.3 for a total disk mass of ~ 3.4 x 10^ 
Mq . The Hi -|- He gas, with a total mass of 
~ 7.4 X 10* Mq , provides only ~20% of the lu- 
minous mass and is therefore not very important 
dynamically. The parameters for the dark halo 
are Tc = 5.6 ± 1.5 kpc and a = 65.0 ± 4.0 kms^^ . 
This gives a central density for the dark halo of 
0.022 Mq pc~^. Notice here that the use of a ro- 
tation curve derived by a tilted-ring model with an 
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Fig. 10. — Mass models using the best-fit method for NGC 24 and NGC 45 (left and central panels resp.). 
The model on the right panel is for NGC 45 with [M/Lb)^ = 2.0. The full Une is for the best-fit model 
to the data (filled diamonds). The contribution of the different components (stellar disk, Hi component 
corrected for the He content & dark halo) are identified. 



inclination fixed to the photometric value of 78° 
would slightly reduce the (A^/Lb)^ to 2.0 without 
changing the other parameters. 

The results from the best-fit mass model for 
NGC 45 are illustrated in Figure 10 (middle 
panel) and given in Tabic 10. The parameters 
arc {M/Lb)^ = 5.2 ± 1.0, = 6.2 ± 0.6 kpc and 
a — 55. Oil. kms^^ , which correspond to a cen- 
tral density for the halo of p = 0.013 A^Qpc"^. 
Total masses of 5.3 x 10^ Mq and 2.1 x lO'' Mq are 
found for the stellar and gaseous disks respectively. 

7. Discussion 

The extent of the Hi disk is Rhi = 1.3 x Rho = 
7.3 X for NGC 24 and Rhi = 2.1 x Rho = 
7.9 X for NGC 45. The Hi extent of NGC 24 
is very similar to the Hi extent of the Sculptor 
late-type spiral galaxies NGC 247, NGC 300 and 
NGC 7793 (1.2, 1.5 and 1.4 Rho, respectively). 
Again, this suggests that NGC 24 is very similar 
to normal late-type spiral galaxies, as also claimed 
in §4.1.2. 

The best-fit mass model of NGC 24 gives a 
(M/Lb)^ for the stellar disk of 2.5 ± 0.3. Prom 
the observed colors of 0.56 ^ {B — V) < 0.60 for 
NGC 24 (de Vaucouleurs et al. 1991), SPS models 
predict a mass-to-light ratio for the stellar disk of 
1 ^ (-^/^s), ^ 1-2 (Bell & de Jong 2001). The 
mass-to-light ratio is thus twice the one expected 
from SPS models. This result remains unchanged 
when using (Al/I/s)^ = 2.0, as found when using 
the photometric inclination instead of the kine- 
matical value. 



The case of NGC 45 is even more problem- 
atic since the derived (^A4/Lb)^ from the best- 
fit model is nearly 3 times greater than the value 
expected from SPS models: 5.2 versus 1.7 < 
{M/Lb)^ < 2.2 (Bell & de Jong 2001), based on 
the observed {B-V) color of 0.71 ± 0.03 (de Vau- 
couleurs et al. 1991). 

Similar high (^M/Lb)^ values are often found 
in LSBs when fitting maximum disk models (de 
Blok k McGaugh 1997; de Blok, McGaugh & Ru- 
bin 2001; de Blok & Bosnia 2002; Swaters et al. 
2003). An interpretation of these results is that 
the maximum disk hypothesis must not hold for 
LSB galaxies (de Blok et al. 2001). As a conse- 
quence, these galaxies appear to be dominated by 
dark matter at all radii when mass models pref- 
erentially use a mass-to-light ratio consistent with 
SPS models (de Blok & McGaugh 1997; de Blok 
et al. 2001; de Blok & Bosma 2002). 

Such a model is illustrated for NGC 45 in Fig- 
ure 10 (right panel), using a [M./Lb) of 2.0. 
This value is chosen to be representative of the ex- 
pected [M./Lb)^ range given by the SPS models 
(see above). Indeed, it can be seen that the dark 
component is dominant over almost the whole stel- 
lar disk, though with the noticeable exception of 
the very innermost regions. 

This new model nevertheless highly underesti- 
mates the first two points of the RC, thus giv- 
ing a worse fit (x^ ^ 8) than the best-fit model 
(X^ ~ 3). The quality of the fit also decreases 
as one goes towards the minimum disk hypothesis 
{{M/Lb)^ = / ^ 11)- Such a result is in 
agreement with what is found for other LSBs, as 
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illustrated in de Blok & Bosma (2002). For several 
galaxies from their sample, the minimum disk hy- 
pothesis, or a model using a low (M/Lb)^ , does 
not always provide a better fit than the maximum 
disk hypothesis. 

One finally notices that higher (^M/Lb)^ val- 
ues should be expected if a correction for beam- 
smearing was applied or if a higher angular reso- 
lution was used for the innermost velocity points 
of the curves. Indeed, it should give more steeply 
rising rotation curves in their inner parts than the 
ones presented here (sec e.g. Swaters et al. 2000). 
This would worsen the discrepancy found between 
the low [A4/ Lb) ^ values from SPS models and 
the maximum disk hypothesis. Therefore, if one 
finally admits that the maximum disk hypothe- 
sis is ruled out for LSBs (as favored in de Blok 
et al. 2001), a more cuspy halo than the pseudo 
isothermal sphere should perhaps be used to bet- 
ter fit the inner velocity points of NGC 45 with 
a low (^M/Lb)^ ■ This claim will be tested in a 
forthcoming article. 

8. Summary and conclusions 

An optical and Hi study of NGC 24 and NGC 
45 has been presented. The main results are as 
follows: 

(1) From the surface photometry of NGC 24 
and NGC 45, it is found that while NGC 24 is on 
the faint side for normal galaxies, NGC 45 can be 
considered as a bona fide LSB galaxy. However, 
both galaxies have very similar absolute magni- 
tudes ^ -17 A. 

(2) The Hi distribution for NGC 24 and NGC 45 
extends to ~ 1.3 and 2.1 Rho (respectively) at a 
level of ~ 10^° atoms cm~^. The Hi extent of 
NGC 24 is very similar to the Hi extent of the 
Sculptor late-type spiral galaxies NGC 247, NGC 
300 and NGC 7793 (1.2, 1.5 and 1.4 Rho, respec- 
tively) . 

(3) The overall velocity fields of the two galaxies 
are very regular. NGC 45 exhibits a twist of the 
kinematical major axis, showing a ^25° variation 
of its major axis position angle as a function of 
radius. However, its disk does not have a classical 
warp since the inclination remains constant. 

(4) The rotation curves derived from the ve- 
locity fields rise slowly and flatten at a velocity 
of 110 kms~^ and ~ 100 kms~^ respectively. 



It extends out to ^11 kpc for NGC 24 and to 
~17 kpc for NGC 45, which corresponds to ~ 7.5 
scale lengths in both cases. 

The rotation curves, combined with the lumi- 
nosity profiles, were used to study the mass distri- 
bution of NGC 24 and NGC 45. Using a best-fit 
model, the main results are : 

(1) {M/Lb)^ = 2.5, rc = 5.6 kpc and a = 
65 kms-i for NGC 24, and {M/Lb)^ = 5.2, rc = 
6.2 kpc and ct = 55 kms'^ for NGC 45. 

(2) In both galaxies, the dark halo is the main 
contributor to the total mass of the galaxies with a 
contribution of more than ^80 % at the last mea- 
sured point. Since the best-fit models are close to 
the maximum disk case, this can be considered a 
lower limit. 

(3) The (M/Lb)^ of 5.2 found for NGC 45 and 

2.5 for NGC 24 are high when compared with the 
values predicted by stellar population synthesis 
models for galactic disks of same colors as NGC 24 
and NGC 45. This result is similar to what is seen 
in other LSB galaxies. When a model for NGC 
45 uses a [M./Lb)^ of 2.0, which value is adopted 
from SPS models, it allows the galaxy mass to be 
entirely dominated by the dark component, but 
it also severely underestimates the velocity of the 
innermost points of the rotation curve. 

This article is the first from a series that aims 
at measuring the shape of the mass density pro- 
file for the dark component of NGC 24 and NGC 
45. When higher resolution optical kinematical 
Ha data obtained with Fabry-Perot interferome- 
try become available, more accurate mass models 
of those galaxies will be presented. 
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Table 1 

Parameters of the VLA observations for NGC 24 



Date of observation 1992 June 14 

Time on source 5*^ 

Field center (1950.0) 00'^07"24.0" 

-25°14'30.0" 

Primary beam at half-power (FWHM) 32' 

FWHM of synthesised beam 40" x 40" 

Total bandwidth 1.56 MHz 

Central velocity (heliocentric) 550 kms^-'^ 

Central frequency 1417.2489 MHz 

Number of channels 128 

Channel separation 12.2 kHz 

Velocity Resolution 2.5 kms~^ 

RMS noise in channel maps 2.4 mJy/beam 

Conversion factor, equivalent 1 mJy/beam area (low resolution) 

40" X 40" 0.38 K 

Maps gridding 10" x 10" 

natural weighting 
no taper 

Flux calibrator 0134+329 
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Table 2 

Parameters of the VLA observations for NGC 45 



Date of observation 1992 June 13 

Time on source 5*^ 

Field center (1950.0) 00*^1 l^SO.O" 

-23°27'60.0" 

Primary beam at half-power (FWHM) 32' 

FWHM of synthesised beam 42" x 42" 

Total bandwidth 1.56 MHz 

Central velocity (heliocentric) 470 kms"-'^ 

Central frequency 1418.3115 MHz 

Number of channels 128 

Channel separation 12.2 kHz 

Velocity Resolution 2.5 kms~^ 

RMS noise in channel maps 1.6 mJy/beam 

Conversion factor, equivalent 1 mJy/beam area (low resolution) 

42" X 42" 0.34 K 

Maps gridding 10" x 10" 

natural weighting 
no taper 

Flux calibrator 0134+329 
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Table 3: /-band luminosity profile of NGC 24 



Radius 




Radius 




(arcscc) 


(mag arcscc^^) 


(arcscc) 


(mag arcsec"^) 


1.96 


18.54 


23.37 


19.42 


2.37 


18.57 


28.27 


19.48 


2.87 


18.59 


34.21 


19.61 


3.48 


18.61 


41.39 


19.87 


4.21 


18.63 


50.09 


20.14 


5.09 


18.64 


60.60 


20.58 


6.15 


18.69 


73.33 


21.11 


7.45 


18.83 


88.73 


21.38 


9.01 


18.99 


107.4 


21.95 


10.90 


19.11 


129.9 


22.41 


13.19 


19.19 


157.2 


23.11 


15.96 


19.26 


190.2 


24.22 


19.31 


19.33 







Table 4: S-band Luminosity profile of NGC 45 
(Romanishin et al. 1983) 



Radius 


Mb 


Radius 


Ms 


(arcscc) 


(mag arcsec^^) 


(arcscc) 


(mag arcscc"^) 


2.3 


22.17 


142.8 


24.95 


11.7 


22.43 


156.8 


25.06 


16.4 


22.54 


170.9 


25.16 


21.1 


22.66 


184.9 


25.36 


25.8 


22.77 


199.0 


25.64 


30.4 


22.90 


213.0 


25.89 


35.1 


23.08 


227.1 


25.99 


44.5 


23.22 


241.1 


26.38 


58.5 


23.53 


255.1 


26.96 


72.6 


23.79 


269.2 


27.12 


86.6 


24.12 


283.2 


27.70 


100.7 


24.29 


297.3 


27.99 


114.7 


24.49 


311.3 


28.43 


128.8 


24.73 


325.4 


29.02 
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Table 5 

Optical parameters of NGC 24 



R.A. (2000) 00''09°56.6^ 

DEC. (2000) -24°57'43.0" 

Type SA(s)c III 

Distance (Mpc) ^ 6.8 

(1' = 2.0 kpc) 

Mean axis ratio (q = b/a) q = 0.26 

Inclination (qo = 0.15)*^ i = 78° 

Mean position angle = 225° 

Parameters at /xs = 25.0 mag arcsec"^: 

Major axis diameter D25 = 5.9' 

Minor axis diameter d25 = 1.6' 

Holmberg radius (/xs = 26.6 mag arcsec"^) . Rho = 4.0' 
Exponential disk parameters: 

Corrected central surface brightness l(0)c = 20.67 

B(0)c = 22.12 

Scale length (kpc) = 1.42 

Total apparent B magnitude Bt = 12.13 

Corrected apparent B mag nitude B^'' = 11.75 

Corrected absolute B mag nitude Mb'' = -17.41 

Total blue luminosity * Lt(B) = 1.4 x 10^ L, 



''de Vaucouleurs et al. 1991 (RC3). 

''TuUy 1988. 

^For 1.5' <R< 3.0'. 

^cos^ i = 4^ following Bottinelli et al 1983. 

'^Line-of-sight integration correction = 2.51ogii25 = 1.575 (RC3). 

f With Mbq = +5.43 (Allen 1976). 
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Table 6 

Optical parameters of NGC 45 



R.A. (2000) ^ 00'wm2^ 

DEC. (2000) ^ -23°11'01.0" 

Type SA(s)dm IV-V 

Distance (Mpc) ^ 5.9 

(1' = 1.72 kpc) 

Mean axis ratio (q = b/a) q = 0.73 

Inclination = (qo = 0.22)« i = 55° ± 5° 

Position angle " 9 = 145° ± 5° 

Parameters'^ at /x_b = 25.0 mag arcsec"^: 

Major axis diameter D25 = 5.8' 

Minor axis diameter d25 = 4.2' 

Holmberg radius (/x_b = 26.6 mag arcsec"^)*^ Rho = 4.8' 
Exponential disk parameters'^: 

Corrected central surface brightness B(0)c = 22.51 

Scale length (kpc) = 2.20 

Total apparent B mag nitude'i Bt = 11.48 

Corrected apparent B mag nitude Bt'' = 11.40 

Corrected absolute B magnitude Mg' = —17.45 

Total blue luminosity ^ Lt(B) = 1.4 x 10^ L, 



'"do Vaucoulcurs et al. 1991 (RC3). 
''TuUy 1988. 

'=Puche & Carignan 1988. 
'^Romanishin et al. 1983. 
''cos^ i = following Bottinelli et al 1983. 

^With Mb© = +5.43 (Allen 1976). 
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Table 7: Hi Rotation Curve for NGC 24 



Radius 


Vrot 


Error 


Radius 


Vrot 


Error 


(arcsec) 


( kms"^ ) 


(kms^"'^ ) 


(arcsec) 


( kms""'^ ) 


(kms"""^ ) 


40 


56.6 


6.4 


200 


103.6 


2.2 


80 


82.5 


2.7 


240 


106.2 


1.8 


120 


91.8 


0.8 


280 


109.4 


3.5 


160 


99.2 


0.8 


320 


109.7 


2.0 



Table 8: Hi Rotation Curve and Position Angle of 



the kinematical major axis for NGC 45 



Radius 


Vrot 


Error 


P.A. 


Error 


Radius 


Vrot 


Error 


P.A. 


Error 


(arcsec) 


( kms"^ ) 


(kms~^ ) 


n 


n 


(arcsec) 


( knis^"*^ ) 


( kms"""^ ) 


n 


n 


42 


53.2 


3.6 


144.0 


11.0 


336 


105.9 


0.3 


139.3 


0.2 


84 


70.1 


1.3 


148.6 


5.9 


378 


103.4 


1.4 


136.5 


0.1 


126 


79.1 


1.7 


148.2 


1.0 


420 


101.0 


0.9 


132.7 


1.6 


168 


87.4 


0.3 


147.0 


0.3 


462 


100.9 


1.0 


129.0 


1.5 


210 


93.4 


0.4 


147.2 


0.7 


504 


99.9 


1.5 


126.4 


1.3 


252 


97.7 


2.2 


145.9 


1.3 


546 


99.8 


0.3 


124.6 


0.7 


294 


102.3 


1.6 


143.0 


1.0 


588 


100.0 


0.6 


124.9 


0.4 
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Table 9 

"Best-Fit" Two Component Model for NGC 24 



Luminous disk component: 

(M/Lb)^ 2.5Mq/Lq 

A^disk 3.4 X 10« Mq 

Mm+ue 7.4 X 10^ Mq 

Dark halo component: 

Tc 5.6 kpc 

a 65 kms"^ 

po 0.022 Mq 

At Rho (r=7.9kpc) : 

Phaio 0.004 A^0pc-3 

A^dark/Allum 4.0 

(A1/LB)dyn 15.3 Mq/Lq 

2.0 X 10^° Mq 

At last measured point (R=10.5kpc): 

Phaio 0.0022 Mq pc-3 

-A4dark/A1lum 6.0 

(A1/LB)dyn 21.2 Mq/Lq 

A^dark+lum 2.8 X 10^° Mq 
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Table 10 

"Best-Fit" Two Component Model for NGC 45 



Luminous disk component: 

(M/Lb)^ 5.2Mq/Lq 

A4disk 5.3 X 10^ Mq 

AlHI+He 2.1 X 109 Mq 

Dark halo component: 

Tc 6.2 kpc 

a 55 kms"^ 

po 0.013 A^0pc-3 

At Rho (r=8.3kpc) : 

Phaio 0.003 

-Mdark/Allum 1-8 

(A1/LB)dyn 18.0 Mq/Lq 

A^dark+lum 1-8 X lO^^ Mq 

At last measured point (R=16.7kpc): 

Phaio 0.0005 Mq pc-3 

-Mdark/Allum 4.0 

(A1/LB)dyn 36.2 Mq/Lq 

A^dark+lum 3.7 X 10^° Mq 
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Table 11 

Two Component Model for NGC 45 with (M/L) = 2.0 



Luminous disk component: 

(M/Lb)^ 2.0 Mq/Lq 

A^disk 2.0 X IQS Mq 

Mm+Ke 2.1 X 109 Me 

Dark halo component: 

Tc 4.2 kpc 

a 58 kms"^ 

po 0.032 A^0pc-3 

At Rho (r=8.3kpc) : 

Phaio 0.003 A^0pc-3 

Xdark/X lum ^* ' 

(A1/LB)dyn 18.8 Mq/Lq 

A^dark+lum 1-9 X 10^0 Mq 

At last measured point (R=16.7kpc): 

Phaio 0.0005 Mq pc-3 

Aldark/Allum 7.8 

(A^/LB)dyn 35.8 Mq/Lq 

A^dark+lum 3.7 X 10^0 Mq 
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